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Abstract: The clothing industry is always mentioned among the most polluting industries. The reduction 
of this environmental burden has been a concern and a subject of research for many years. One of the 
tools used for these researches is the Life Cycle Assessment (LCA) methodology. This methodology 
showed researchers that there was another phase of the life cycle that needed research and 
optimization: the use phase. The definition and study of the use phase is a combination of engineering 
(to define the washing machines used and their impacts) and social sciences (to define how the 
customer used these machines). Furthermore garments were also a subject of interest for social 
science researchers. They studied the behaviors of people towards their garments, why they kept or 
dispose of them, etc.  
This paper explores how the customer can be defined and characterized to define a more precise LCA 
for garments. First a population sample is characterized into different customer profiles through a self-
completing survey. The profiles are defining the content of a pull over use phase and added to multiple 
LCAs. In a second phase a module of product repair is added to the use phase and weighted according 
to the customer profiles. The potential benefits of this approach are then discussed as well as the current 
limitation of the study. 
 
Introduction 
The reduction of the environmental impacts is 
one of the major challenges faced by the textile 
industry. The environmental impacts of the 
industry are measured using Life Cycle 
Assessment (LCA) which integrates all stages 
of the life-cycle of a product. Through LCA 
studies, clothing lifespan and its extension was 
identified as a significant lever to reduce the 
impacts of the product (Brezet & van Hemel, 
1995) in our case a pull-over.  
Clothing lifespan (and LCA) is influenced by 
many factors that can be divided in two main 
categories: quality related factors and customer 
related factors. This study focuses on customer 
related factors and more specifically customer 
behaviors and practices. This field of research 
is widely investigated in sociology; 
nevertheless, to the best of our knowledge, it 
has not been widely used to improve LCAs 
studies for garments. The influence of customer 
behaviors and practices are mainly 
concentrated in the use phase. Due to the 
complexity, uncertainties and variety of 
consumer factors, in most of LCAs, the use 
phase of LCA is generally based on a mean 
behavior of customers at country level. In some 
applications, this strongly limits the accuracy of 
LCAs since the use phase is considered as the 
first or second contributor in terms of 
environmental impacts (De Saxcé, 2012).   
The aim of this study is to define customer 
profiles in terms of environmental sensitivity, 
consumer attitude and behavior, to integrate 
them in the LCA process in order to enhance 
the impact evaluation of garments. 
 
Definition of customer profiles 
A self-completion online survey was conducted 
in the north of France with a sample size of 268 
respondents following the age census of the 
French population. The questionnaire was 
constructed around three main axes. The first 
section asks the respondents to self-evaluate 
their sensitivity to environmental issues and its 
expression in their actions and practices. The 
second section defines the consumption habits 
of the respondents with questions on the 
frequency of garments purchases or the budget 
per article for garments. The final section 
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describes their wash and care habits notably 
their washing habits in terms of temperature 
and washing programs and their use of ironing 
and drying machines. 
 
The respondents are then clustered together in 
groups of similar behaviors using the 
hierarchical clustering method (Johnson, 1967). 
It produced respectively 4 groups for the 
consumption axe; 3 for the environmental axe 
and 3 for the wash & care. 
 
The four consumptions groups: 
• Minimalists: respondents with low 
buying frequency and medium budget 
and an low count of bought garments 
per years 
• Qualitative: respondents with relatively 
low buying frequency, high budget and 
low count of garments bought per year. 
• Rational: respondents with medium 
buying frequency, relatively low budget 
and a low number of garments 
purchased per year. 
• Impulsive: respondents with the 
highest buying frequency, low budget 
and a high number of garments bought 
per year.  
.  
The 3 environmental sensitivity groups: 
• Insensible: respondents that self-report 
a low sensitivity to environmental 
matters and not many concrete actions 
towards sustainability. 
• Woke: respondents reporting a high 
sensitivity to environmental issues and 
medium number of concrete action 
performed regularly. 
• Hypersensitive: respondents with the 
highest self-reported sensitivity and a 
significant number of concrete actions 
performed regularly in that regard. 
 
The Consumption and Environmental (C&E) 
clusters seem to indicate certain coherence 
between how the respondents consume and 
their sensitivity to environmental issues. For 
example, there are three times more 
“Impulsive” respondents in the “Insensible” 
cluster than in the “Hypersensitive” cluster as 
seen on the following figure 1. 
 
The third group of clusters is describing the 
wash and care habits of the respondents. The 
respondents were divided in three groups the 
first group consisted of the respondents who 
 
Figure 1. Cross comparison of the effective of the 
Consumption and Environmental clusters. 
 
reported ironing their cloth regularly, the two 
other were only differentiated by their likelihood 
to use the variety of washing programs at their 
disposal. 
These clusters are used to weight and distribute 
the use of different wash & care modules for the 
use phase in LCA scenarios. 
                                                                                                                      
Using the C&E profiles the respondents are 
divided in 12 subgroups. Three of these 
subgroups were excluded as each only 
consisted of 15 respondents (only 5 % of the 
total count). The remaining 9 subgroups will be 
used in corresponding LCA scenarios to study 
the influence of “virtuous” behaviors on 
environmental impacts. 
 
Application in a simple Life Cycle 
Assessment 
For garments the LCA methodology is often 
performed with high details on the production, 
distribution and/or end-of-life phases of the life 
cycle with the use phase being represented by 
researchers own assessment of a “typical” 
behavior. Nevertheless, changing the wash & 
care a habit of the customers is discussed as a 
significant mean to reduce the environmental 
impacts of garments through the use of lesser 
polluting washing practices or gentler ones 
aiming to prolong the garments lifespan. 
 
To illustrate the importance of modelling the 
use phase of garments from real data we 
compared two scenarios representing extreme 
behaviors on the use phase (named Extreme 
ECO and Extreme Indifferent) with two 
scenarios based on the data described 
previously. The two selected scenarios produce 
the minimum and the maximum impacts of all 
the other scenarios and represent the following 
subgroups: Minimalist-Hypersensitive (M-H) 
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The LCA methodology (14040, 2006; ISO 
14044, 2006) is applied to obtain the 
environmental impacts of each scenario. 
SimaPro LCA software is used to model the 
different scenarios using Ecoinvent database 
(Ecoinvent 3.2, 2014) and the ILCD method 
(JRC European commission, 2011) is the 
midpoint assessment method used to calculate 
the impacts of all scenarios. All the scenarios 
are life cycles of a basic cotton pullover 
produced in China, commercialized, used and 
disposed in France. It is hypothesized that the 
pullover is washed after each wear and that its 
lifespan is 15 uses before disposal. Since the 
focus of this study is on the use phase and 
every other aspect of the scenarios remains 
unchanged the content of the LCA will not be 
further detailed in this paper.  
 
The difference of environmental impacts 
between the data driven scenarios (M-H and Q-
H) is way smaller than the difference between 
the Extreme scenarios (see Figure 2). It 
indicates that the population has a relatively 
more homogenous way of washing and caring 
for their cloth than what is theoretically possible.  
 
 
Figure 2. Environmental assessment of 
theoretical and data driven extreme use phase 
scenarios 
It should be noted that when doing a pairwise 
comparison between the M-H and Q-H 
scenarios the difference of impacts on the 
environment ranges from 0% to 30%. Therefore 
the change of wash & care practices is still a 
significant lever to reduce the impacts of 
clothing. 
 
Scenario comparison with different 
product lifespans 
To further the study, the impacts of the 9 
scenarios were compared over multiple LCAs 
were the product lifespan was set to different 
values ranging from 5 to 25. The Figure 3 
shows the Water resource depletion of the 9 
scenarios. 
 
 The scenarios with the highest impact are 
Qualitative–Hypersensitive and Qualitative–
Woke despite describing rather virtuous 
behaviors considering their C&E profiles. This 
higher impact comes from a heavier use of 
ironing which indicates that the customer is 
more involved in the care of its product. In these 
scenarios the effect of ironing on the product 
lifespan are ignored therefore ironing only 
produces higher impacts with its other potential 
benefits ignored.  
 
It should be noted that the two least polluting 
scenarios are Minimalist-Hypersensitive and 
Impulsive-Woke. If the former might be 
expected as it would indicate certain coherence 
between environmental consciousness, buying 
habits and wash & care practices. The 
presence of the latter in the least polluting 
scenarios added to the relative positions of the 
other scenarios indicates that there is no 
evident correlation between their C&E profiles 
and the washing habits of the respondents.  
Qualitative interviews are currently ongoing to 
further comprehend the reasons of this 
incoherence. 
 
The difference between lowest and highest 
impact is constant (see Table 1). In the 
scenarios, the impact of the wash & care 
practices on the lifespan were not considered. 
The reference flux was identical for every 
scenarios resulting in this constant difference of 
impacts between the scenarios. The difference 
only comes from the weighting of the washing 
modules. Further studies are needed to link the 
wear during wash and its influence on the 
lifespan and to refine these results.  
 
Adding repair practices into the loop 
When the survey was conducted the 
respondents were also asked if they repaired 
and the magnitude of said repair they were 
ready to make on their garments. This item was 
not used in the clustering process however its 
integration in the LCAs allows to see how the 
impacts of the scenarios will evolve when there 
is a change on the product lifespan. 
 
Repair in itself is a complex subject as it is 
difficult to evaluate the amount of further use 
induced by a repair operation on garments. For 
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the purpose of the study all repairs are 
considered to give the same amount of further 
uses: 20% of the initial lifespan. Besides that, 
the repair operation is supposed to be made by 
hand and the materials used in this operation 
are deemed negligible. The repair module was 
then weighted using the percentage of 
respondents who declared to repair their 
garments within each C&E subgroups (see 
Figure 4).  
 
The environmental impacts of the 9 subgroups 
were reassessed with a varying lifespan 
ranging from 5 – 25 uses. The results show that 
for longer lifespans, the scenarios are ranked in 
the same order as when there was no repair 
although with different values (see Figure 5).  
The presence of repair has lowered slightly the 
impact of all scenarios.  The influence of the 
repair rate on the pull overs impacts are 
flattened by the long lifespan.  
 For shorter pull over lifespans, the repair rate 
has shuffled the order between the scenarios 
with the subgroups Rational-Insensitive having 
the highest impact for products with a lifespan 
inferior to 9 uses. Despite having a low use rate 





C&E profile with minimum 
impacts 





(m3 water eq.) 
5  Minimalist - Hypersensible 
 Rational - 
Insensitive 
14% 0,482 
10  Minimalist - Hypersensible 
 Qualitative - 
Hypersensible 
19% 0,482 
15  Minimalist - Hypersensible 
 Qualitative - 
Hypersensible 
23% 0,482 
20  Minimalist - Hypersensible 
 Qualitative - 
Hypersensible 
25% 0,482 
25  Minimalist - Hypersensible 
 Qualitative - 
Hypersensible 
26% 0,482 
Figure 3. Environmental assessment of Water resource depletion for 9 customer scenarios with varying 
product lifetimes. 
Table 1. Highest and lowest impacting C & E profiles on Water Resource Depletion. 
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of ironing and drying machines, this scenario 
had the lowest repair rate of all resulting in the 
maximization of its impacts. 
 
It is interesting to note that for the two lowest 
impacting scenarios (Impulsive-Woke and 
Minimalist-Hypersensitive) the repair did not 
create a substantial difference between their 
impacts. Despite a difference of repair rate of 
28.6% the difference of impacts between these 
two scenarios went from 0.39% to 0.69% for a 
product lifespan of 15 uses. And even for low 
lifespan products were the repair effect should 
be maximized the impact difference only went 
from 0.21% to 0.71%. These scenarios are so 
similar in the weighting of their washing 
modules, use of ironing and drying machines 
that the repair had a very low influence on their 
impacts. 
 
Another interesting phenomenon observed 
when adding repair rates to these scenarios is 
the range between the lowest and the highest 
impacting scenario is minimized on certain 
product lifespan value. For a product lifespan of 
10 uses this difference hits a minimum of 0.450 
m3 water eq.   Contrary to the previous section 
were this difference was constant at 0.482 m3 
water eq. This is a consequence of the action of 
repair on the product lifespan which also 
modifies the referential flux of the LCAs. This 
allows the identification of points or values of 
interest when comparing products and 
scenarios.  
 
For example: Can repair flatten the impact of 
ironing and machine drying? Here it is the case 
for low lifespan products as the Rational-
Insensitive scenario produces the maximum of 
impact despite having a lower use of ironing 
and machine drying than the Qualitative-
Insensitive scenario (which was the most 
impacting scenario when there was no repair). 
 
Conclusions 
This exploratory study has described how the 
social sciences and engineering can synergize 
to refine LCAs for garments. A careful definition 
of the customer behavior on key factors leads 
to a better understanding of what are the best 
actions to lower the environmental impacts of 
the garments use phases.  
It should be noted that this study was based on 
limited samples and without considering the 
influence of the identified customer behaviors 
on the garment lifespan. Besides the LCAs 
were performed only on a single lifetime 
therefore ignoring a more long-term view using 
a cumulative approach on LCA results 
 
The researchers often discuss on virtuous 
behaviors for the use phase but for now these 
Figure 4. Percentage of respondents who repaired in C&E each subgroups. 
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conclusions are missing a significant 
component which is the garment lifespan and 
conclusions are missing a significant 
component: the garment lifespan and how it is 
influenced by customer behaviors.  
Further research is indeed needed on the link 
between wash & care practices and product 
wear and lifespan in order to further 
differentiate the environmental impacts of 
different customer profiles. Same goes for 
repair as there is a need for definition of the 
number of use gained though repair and the 
lifespan of the repair.  
 
Following this study, future research will 
attempt to define more precisely the pull over 
lifespan and how the wash & care wan influence 
it through new test methodology and wear tests. 
This study will contribute to the growing 
transversal approach of LCAs through the 
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Figure 5. Environmental assessment of Water resource depletion for 9 customer scenarios with repair for 
varying product lifetimes. 
